Introduction
Increasing numbers of children are now born prior to 37 weeks' gestation than ever before, due to a rise in the rates of preterm birth. [1] [2] [3] Although early preterm delivery before 34 weeks is often spontaneous, more women are delivered iatrogenically at late preterm gestation to minimise complications from high-risk conditions such as preeclampsia and gestational diabetes. 4 Advances in neonatal care result in the survival of a significant proportion of newborns at extreme premature gestation. 3 In addition to the short-term complications, [5] [6] [7] children born preterm are at risk of cognitive, motor, and behavioural difficulties in the long-term. [8] [9] [10] [11] [12] [13] The total societal cost for severe disability, which affects 4.2% of children and young people born preterm, is £60.5 million per year in the UK, increasing to £91.6 million when children born preterm with mild disabilities are included. 14 Parents are currently provided with limited prognostic information on long-term outcomes. 15 Education professionals have poor knowledge regarding the needs of children born preterm, and are not fully equipped to provide the necessary support. 16 Existing systematic reviews do not provide longitudinal estimates of the risk of poor development at various time points in the child's life. 9, [17] [18] [19] We undertook a systematic review to quantify the effect of preterm birth at various gestational ages on cognitive, motor, behavioural and academic performance of children born preterm versus term in preschool, primary, and secondary school ages, and beyond.
Methods
We undertook our review using a prospective protocol 20 and complied with reporting guidelines. 21 
Search strategy and study selection criteria
We searched electronic databases Medline and Embase via the OVID platform from 1 January 1980 to 31 December 2016 for studies on neurodevelopmental or neurobehavioural outcomes in preterm infants, without language restrictions. We used the search terms 'preterm', 'premature' or 'near term', combined with search terms for outcomes such as 'child development', 'developmental disabilities', 'neurodevelopment', 'learning disorders', 'mental disorders' and 'long-term outcome' (Appendix S1). We supplemented the electronic searches with a manual search of the reference lists.
We selected the studies using a two-stage process. We first identified the relevant citations, and then retrieved the full text of the potentially eligible studies. Independent reviewers undertook study selection (F.C. and M.K./J.A.). Any disagreements were resolved after discussion with a different reviewer (S.T.). We included studies that evaluated the association of prematurity and long-term cognitive, motor, academic performance (maths, reading and spelling) and behavioural outcomes in children from at least 2 years after birth. We excluded studies where the chronological age at assessment had been corrected or adjusted by the authors for prematurity. We excluded interventional studies, abstracts, case reports, case series, conference proceedings, reviews and any publication before 1980. If multiple studies were published for the same outcomes from the same cohort of subjects at different ages, only the most recent report was included.
Study quality assessment and data extraction
The independent reviewers (F.C. and J.A./M.K.) assessed the qualities of included studies using the Newcastle Ottawa Scale (NOS) 22 and also undertook data extraction. We evaluated the risk of bias in the selection and comparability of cohorts, and in outcome assessment, and allocated stars for adherence to the prespecified criteria. Studies that scored four stars for selection, two stars for comparability and three stars for ascertainment of the outcome were regarded to have a low risk of bias, those that had two or three stars for selection, one for comparability and two for outcome ascertainment to have a medium risk of bias, and those that had a score of one for selection or outcome ascertainment, or zero for any of the three domains to have a high risk of bias. 23 We extracted data on mean gestational age at delivery as well as the mean and standard deviation for the continuous outcome of standardised test scores in term and preterm groups. Data were extracted in 2 9 2 tables for dichotomous outcomes. When more than one test was used to assess outcomes, we chose the test that provided an overall composite score for each domain and, where possible, for further subdomains. Two neurodevelopmental psychologists (D.B. and D.M.) checked the convergent validity of different scales using reported correlation coefficients from the test manuals and published research articles.
Data analysis
We compared the cognitive scores of cohorts of children born preterm, including very (<28 weeks), moderately (28) (29) (30) (31) (32) (33) +6 weeks) and late (34-36 +6 weeks) preterm gestations with term newborns (≥37 weeks) using standardised mean difference (SMD). The relation between mean gestational age at birth and cognitive scores was calculated by weighted linear regression analysis. R-squared coefficient was computed to summarise the degree of association between gestational ages and mean cognitive scores. Only studies that provided comparative data for both preterm and term infants were included in the main analysis. We considered the mean gestational age for term group to be 40 +0 week when the information was not available.
Cognitive performance, motor skills, academic performance, and behaviour differences between preterm and term children were compared at various stages in their life categorised by school age years: 2-4 years (preschool), >4-11 years (primary school), >11-18 years (secondary school) and >18 years (higher education). We undertook meta-analyses of SMD and weighted each study by the inverse of its variance, using a random effects model. When the number of studies was less than four, we used a fixed effect model, as in this situation it is not possible to estimate between-study variance accurately. We used Cohen's categorisation to interpret effect sizes; an SMD of 0.2-0.49 was considered small, 0.5-0.79 moderate, and ≥0.8 large effect. 24 We assessed the effect of preterm birth on the odds of attention deficit hyperactivity disorder (ADHD) by computing pooled odds ratio using a fixed effect model for children born at various gestational ages.
We undertook two sensitivity analyses for the cognitive domain. In the first, we included studies that only provided mean cognitive scores for the preterm cohort. In the second, we changed the imputation of gestational age for term cohort without this information to 37 +0 weeks, instead of 40 +0 weeks. The effect of gestational age at birth as a source of heterogeneity was evaluated using linear regression weighted by the inverse of the standard error, with SMD as a dependent variable and gestational age of the preterm group as an independent covariate. Residual Isquared was computed. Cohort effect was also evaluated by including year of birth as an independent covariate in the regression described above, which was stratified by age at assessment.
We assessed publication and related biases using Begg's funnel plot 25 of the effects estimates (SMD or logarithm of OR) against the inverse of their standard error. The asymmetry of the funnel plot was statistically tested by Egger's method. 26 This assessment was performed for outcomes reported in at least 10 studies. All analyses were performed using Stata software. 27 
Results
From 3830 identified citations, we included 74 studies involving 64 061 children (Figure 1 ). 
Characteristics and quality of the included studies
Thirty-three studies evaluated outcomes in children born at any preterm gestation, 21 in only very preterm births, 15 in only moderately preterm and 7 in only late preterm infants. Twenty-eight studies excluded children with other risk factors such as genetic disorders, multiple births, enrolled in special education, admission to neonatal intensive care unit (NICU), and severe disability such as blindness and cerebral palsy. Two-thirds (50/74) of the studies were published after 2000 (Table S1 ). Fifty-seven studies (11 974 children) reported general intelligence in the children such as global or full scale IQ (FSIQ) (52 studies), verbal IQ (VIQ) (22 studies), performance IQ (PIQ) (21 studies), working memory (10 studies) and processing speed (7 studies). Standardised intelligence tests such as the Wechsler Intelligence Scale for Children, 28 Stanford Binet intelligence test, 29 Kaufman Assessment Battery for Children 30 and McCarthy Scales of Children's Abilities 31 were used to assess cognitive function. More recent studies used updated versions of general intelligence tests.
Twelve studies assessed the motor skills. Twelve studies assessed academic performance in subjects such as reading (9 studies), mathematics (11 studies) and spelling (6 studies). Eighteen studies (2346 preterm and 6942 term) assessed behaviour of children including ADHD (4515 preterm and 40 783 term) ( Figure 1 ). The diagnosis of ADHD was made by a clinical psychologist or medical specialist as part of the study, or via school medical records or parent interviews.
All studies had overall low or medium risk of bias as assessed by the Newcastle Ottawa Scale. For study selection, sixty-five (65/74, 88%) studies had low risk of bias and 12% had medium risk (9/74); a fifth (14/74, 19%) had medium and 81% (60/74) had low risk of bias for comparability; about a third had medium (23/74, 31%) and 69% (51/74) had low risk of bias for outcome assessment (Table S2) . (Figure 2A ). Early prematurity before 28 weeks' gestation had a large effect on PIQ and an intermediate effect on FSIQ and VIQ. The FSIQ and PIQ scores were significantly lower in children born very, moderately and late preterm compared with those born at term. The VIQ scores were lower in very and moderately preterm children, but no differences were observed in children born late preterm compared with term. The proportion of variance in IQ that can be explained by gestational age at birth was 39% for FSIQ, 38% for VIQ, and 48% for PIQ (Table S3) . FSIQ, VIQ and PIQ scores were consistently lower in preterm than term children in all age groups including pre-school, primary and secondary school, and after school-age ( Figure 2B ). Sensitivity analyses on these outcomes showed a small increment in the proportion of explained variance.
Preterm birth and neurodevelopment
Prematurity had an intermediate effect on working memory at primary (SMD: À0.61; 95% CI: À0.72 to À0.50) and secondary school ages (SMD: À0.53; 95% CI: À0.72 to À0.34), and this effect persisted beyond school age. The scores for processing speed were significantly lower at primary (SMD: À0.53; 95% CI: À0.66 to À0.41), and secondary school ages (SMD: À0.35; 95% CI: À0.58 to À0.13) in preterm versus term children, with the intermediate effect continuing after school age ( Figure 2B ).
Motor skills
The standardised scores for motor skills were lower in preterm children by pre-school age (SMD: À0.44; 95% CI: À0.50 to À0.37), and this difference persisted in primary school years (SMD: À0.59; 95% CI: À0.89 to À0.28) (Figure 2B ).
Academic performance
Children born preterm had lower scores in reading (SMD: À0.67; 95% CI: À0.87 to À0.47), maths (SMD: À0.78; 95% CI: À1.10 to À0.46) and spelling (SMD: À0.56; 95% CI: À0.74 to À0.38) assessments by primary school age than those born at term. The lower performance persisted at secondary school age for reading and spelling, but not for maths assessment ( Figure 2B ). One study showed intermediate effect of prematurity on maths scores beyond school-age years (SMD: À0.71; 95% CI: À1.10 to À0.31).
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Behaviour assessment Preterm children scored higher (indicating more problems) in assessments related to behaviour at primary (SMD: À0.34; 95% CI: À0.45 to À0.23) and secondary school ages (SMD: À0.72; 95% CI: À0.97 to À0.47) than term children. One study found no difference between the two groups (SMD: À0.12; 95% CI: À0.29 to 0.05) at preschool age 33 ( Figure 2B ). Children born preterm were more likely to be diagnosed with ADHD than those born at term (OR: 1.6; 95% CI: 1.3-1.8) (Figure 3 ). We observed a differential effect of prematurity according to its severity (very, moderately and late) on risk of ADHD (P = 0.03). The odds were three-fold higher in children born very (OR: 3.3; 95% CI: 2.0-5.6) and moderately (OR: 3.7; 95% CI: 1.8-7.7) preterm. Supporting Information Figures S1-S14 show individual study data for the different associations between preterm birth and neurodevelopmental outcomes.
Sources of heterogeneity and publication bias
We observed a statistically significant association between the gestational week of birth in the preterm cohort, and the standardised scores for FSIQ (P < 0.001), PIQ (P < 0.001), VIQ (P = 0.001), academic performance in maths (P = 0.04) and the diagnosis of ADHD (P = 0.003). This was not significant for motor skills, reading, spelling or behaviour scores. Cohort effect by year of birth was significant for VIQ, with gestational age at birth having less effect on VIQ than on more recent cohorts (P = 0.014). There was no evidence of publication and related biases in any of the domains assessed except for ADHD, which showed some evidence of small studies effect (Egger test of asymmetry P < 0.001).
Discussion

Main findings
To our knowledge, ours is the first meta-analysis to quantify a range of developmental outcomes according to the degree of prematurity, and at various epochs in the life of the preterm child from pre-school to beyond school-age years. Children who were born preterm had lower cognitive, motor and academic performance scores, scored higher on behavioural assessments indicative of problems, and were more likely to be diagnosed with ADHD than term-born children were. In all cognitive sub-domains, gestational age at birth correlated highly with test scores. We observed a large deficit in PIQ for very preterm children and intermediate deficits for VIQ and FSIQ compared with term children. 8, [34] [35] [36] The adverse effect of prematurity on cognitive function and ADHD affected children born very, moderately and late preterm; the observed effect was greater in very and moderately than in children born late preterm. Preterm children lagged behind term peers in working memory and processing speed, which did not improve with age, and this persisted after school age, which may have possible negative effects on academic achievement.
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Strengths and limitations
We used a prospective, registered protocol, and searched for studies without any language restrictions. We undertook robust quality assessment of the included studies, and took into account the variation in outcome measurement tools by using standardised scores. In addition to IQ, we studied other measures of cognitive performance such as working memory and processing speed, which are key components of the executive control system. We extensively studied the effect of prematurity on all relevant neurodevelopmental and neurobehavioural outcomes at various time points in the life of preterm children, categorised according to school age at assessment. Our sensitivity analyses, including studies without comparative cohort, and imputed data for missing term gestational ages, showed no changes from the main findings, indicating the robustness of our results. We only included studies published after 1980 to minimise bias from limitations in neonatal care, such as the use of surfactants before this period. 40, 41 Our findings were limited by the variation in tests used to assess neurodevelopmental domains, and we were not able to explore some domains in detail (e.g. fine motor skills versus gross motor skills; expressive versus receptive language). We only included those studies that reported standardised outcome measures, and assessments with similar constructs for meta-analysis. We assumed that these were comparable based on their standardised scores, and took into account measures of convergent validity. Very few studies reported separate scores for internalising and externalising behaviours to enable further analysis, so we could only report a general behaviour score. Similarly, few studies differentiated between the different subtypes of ADHD. Smaller numbers of studies reported neurodevelopmental delay in late preterm children, and on outcomes beyond school years of age, leading to imprecise estimates.
The inclusion criteria for the individual studies varied, with some studies including newborns with complications or disabilities at baseline. We were not able to disentangle the effects of growth restriction in addition to prematurity on outcomes due to the paucity of reporting. As our review included studies from 1980, it is likely that advances in medical care for extreme preterm children could have had an impact on outcomes. However, we did not observe any cohort effect according to year of birth for any domain except for VIQ, which supports the appropriateness of our approach. It is possible that the increasing survival of extremely preterm newborns in recent years [1] [2] [3] could have contributed to this observation on VIQ. Even though healthcare and follow-up systems were different between countries, we were unable to assess effect of country of birth in our analysis. Despite these factors, we believe our findings merit consideration as the best current evidence synthesis.
Interpretation
Neurodevelopment in preterm children
The immaturity of the preterm brain makes it vulnerable to injury, contributing to long-term neurological deficits in preterm survivors. 42 Although children born at the lowest gestations are most at risk of cognitive impairment, we found that moderately preterm children born between 28 and 34 weeks performed almost as poorly as those born before 28 weeks. Developmental programmes of formal follow up of babies are currently focused on children born at very and moderately preterm gestations. 43, 44 Individual studies have suggested a risk of adverse neurodevelopmental outcomes in children born late preterm (34-36 weeks) compared with their full-term peers, and this was consistent with our findings of lower FSIQ in late preterm-born infants. 45, 46 Good fine-motor skills are important throughout the school years, and inadequate skills in this area may adversely affect learning and progression within the educational system. 47 While improved neonatal care has reduced the risk of major motor impairment, including cerebral palsy, in preterm children, 48 our meta-analysis shows that children born preterm have persistently lower motor scores from preschool age to primary school years. There are no studies to assess the effect of prematurity on motor skills beyond this period.
The behavioural score differences between preterm and term children increased with age of assessment. We found an association between ADHD and prematurity in children born very, moderately and late preterm, with a greater effect in very and moderately preterm children. Importantly, the adverse effect was also significant for late preterm children beyond 34 weeks, which needs to be taken into consideration while planning delivery for other indications. Both very and moderately preterm offspring had a similar increase in risk of ADHD versus term. While we were not able to assess the effect of ecological factors such as maternal separation during intensive care and neonatal morbidity on ADHD risk, individual studies have shown that the effect of prematurity on ADHD is independent of socio-economic status and perinatal confounders. 49 Relevance for clinical practice and research The moderate effect of prematurity on various neurodevelopmental domains of children, which persists with similar magnitude up to secondary school age and beyond, should be highlighted in any counselling provided to parents who are expecting or have had a preterm delivery. Any decisions on the timing of delivery should take into consideration the long-term effects of prematurity on neurodevelopment, the magnitude of risk and duration, even in late preterm children. In addition to the close monitoring of very preterm infants, both moderately and late preterm infants, who may or may not have suffered severe neonatal morbidity, also need targeted care.
Parents, caregivers and teachers need to recognise the need for continued support in social, academic and behavioural aspects at primary and secondary school ages. The overall development of the child is dependent on the support provided by informed caregivers to maximise their potential. 50, 51 Education authorities will need to take into account the lack of readiness of a preterm child to start school at the same time as their term-born peers. 52, 53 Integration of gestational age at delivery in the assessment of the child can minimise the educational disadvantage and the need for special support in children born preterm, particularly those with mild disability.
There are at present no simple or easy to use screening tools to assess and predict mild and severe long-term neurodevelopmental outcomes in children born preterm. 54, 55 Individual patient data meta-analysis will allow us to study the effect of additional factors such as antenatal and intrapartum risk factors, perinatal condition, socio-economic status and other environmental and genetic conditions contributing to neurodevelopmental delay in addition to prematurity at different gestational ages. Ongoing and future randomised controlled trials involving preterm children should plan for long-term follow ups and standardise outcome reporting. 56 
Conclusions
There is a strong relationship between gestational age at delivery and cognitive abilities, affecting very, moderately and late preterm infants. The neurodevelopmental deficits in preterm children persist beyond primary school age for all domains. Organisations delivering healthcare, policymakers, parents and educational institutions need to take into account the additional academic, emotional and behavioural needs of these children.
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